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Overview
• Introduction to the lecture series
• Brief History of Stellar Interferometry
• Fundamentals of Interferometry

– Physics and mathematics
• Design of Modern Stellar Interferometers

– Fringes and fringe measurement at optical wavelengths
– Engineering and practical considerations
– Examples of current ground-based instruments

• Approaches to Observation and Data Reduction
– Source modeling
– Synthesis imaging
– Astrometry

• Future Prospects from the ground and space
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Why Build a Stellar Interferometer?

• To overcome the resolution limitations of conventional 
telescopes

• To measure the brightest and nearest stars
– Angular diameters
– Binary star orbits
– Limb-darkening
– Stellar surface structure
– Stellar positions and proper motions
– Indirect detection of planets

• To constrain theoretical models that describe stellar 
astrophysics.
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Edouard Stephan   (1837-1923)
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Infrared Spatial Interferometer  (ISI)
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Mark III
Stellar Interferometer
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Cambridge Optical Aperture Synthesis Telescope (COAST)

13 Sept. 1995 28 Sept. 1995

Optical Synthesis Images of Capella
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Examples of Diffraction: 
Apertures and Images
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The Fourier Transform
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Optical Fourier Transform of “3”
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How does interferometry give us
high-angular resolution?

• Imaging and Astrometry explained.
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Single Aperture and a Point Source
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Two Apertures and a Point Source
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Long Baseline Stellar Interferometer



21 August 2000 2000 Michelson Summer School 26

Interferometry and Stellar Interferometers

Fringe Equation
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Fringe Visibility Defined
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Coherence Envelope of Fringes

∆∆∆∆x=0 ∆∆∆∆x > 0∆∆∆∆x < 0
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Delay Lines for Long Baseline
Stellar Interferometry
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Atmospheric Turbulence: r0 and t0
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Atmospheric Turbulence (continued)
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Measurement of Fringe Parameters

Temporal ModulationSpatial Modulation
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Sources with High Visibility

Two-input
beam combiner
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Detecting Fine-Scale Stellar Structure

Baseline “bootstrapping” Partial pairwise beam combiner
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Beam Combination for Synthesis Imaging
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Wide-Angle Astrometry

• Catalog of ~1000 Hipparcos stars
with internal accuracy of 1 - 3 mas.

• Update and correct for rotation in 
Hipparcos reference frame.
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Narrow Angle Astrometry

• Planet detection: “Jupiter” at 10 pc  
produces a 1 mas peak-to-peak star 
wobble.
•20 µas astrometry possible from the 
ground over narrow angles.
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Nulling Interferometry
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Space Interferometry Mission (SIM)

Wide angle astrometric accuracy    4 µas (5 yr)
Narrow angle astrometic accuracy  1 µas (1 hr)
Instrument field of regard                15 degrees
Instrument throughput (V=16 star)  5.8 µas (10 min)
Synthesis Imaging Resolution         10 mas
Nulling Depth                                  10-4



21 August 2000 2000 Michelson Summer School 40

Interferometry and Stellar Interferometers

Terrestrial Planet Finder (TPF)

Characterize ~150 planets within 10 pc
Wavelength range:  3 - 20 microns
Baselines 75 - 1000 m
Launch 2011
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Infrared Very Large Array (IRVLA)

Large baseline 1000 m
Many telescopes 27
Large unit telescope apertures 3-4 m
Adaptive optics equipped Curvature sensing based
Dual beam operation Similar to PTI/Keck
Reconfigurable Telescopes on rails
Dedicated facility
Multi-national collaboration
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Interferometry Science
In Perspective

• Presently Sensitivity Limited
Low Throughput is Inevitable
Adaptive Optics May Help

• Stellar Stellar Science

• Little or No Extragalactic Science
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Number Element Max. Operating Operating
Name Institution Site of Aperture Baseline Wavelength Status

Elements (cm) (m) (microns)

GI2T CERGA Calern 2 150 35 0.4 - 0.8 & >1.2 since 1985

COAST Cambridge U Cambridge 4 40 100 0.4 - 0.95 & 2.2 since 1991

SUSI Sydney U Narrabri 13 14 640 0.4 - 0.66 since 1991

IOTA CfA Mt. Hopkins 3 45 38 0.5 - 2.2 since 1993

ISI Berkeley U Mt. Wilson 3 165 30(+) 10 since 1990

NPOI USNO/NRL Anderson Mesa 6 60 435 0.45 - 0.85 since 1995

PTI JPL/Caltech Mt. Palomar 2 40 110 1.5 - 2.4 since 1995

CHARA Georgia St. U Mt. Wilson 6 100 350 0.45 - 2.4 initial 1999

Keck CARA Mauna Kea 2(4) 1,000(150) 165 2.2 - 10 initial 2001?

VLTI ESO Cerro Paranal 4(3) 840(250) 200  0.45-12 initial ??

Current Ground-Based Interferometers
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Interferometers tend to all look very similar
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...usually located at an existing facility
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…not always a flat site, but often large
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Lots of reinforced concrete required...
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... and steel, of course
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The light must get in…
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… be stable
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… and make it to the central facility



21 August 2000 2000 Michelson Summer School 55

Interferometry and Stellar Interferometers

The instruments need enclosing …
(not buildings)
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… and thermal stability.
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Delay lines sit on rails…
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… and delay the light
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Beams need to be the right size…
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…and combined with other beams.
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Controllers made by DIY Electronics, Inc.
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…with a well trained sequencer
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All resulting in fringes… you hope.
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Optical Long Baseline Interferometry Newsletter

• http://huey.jpl.nasa.gov/olbin/

• Contains links to all existing and 
proposed optical/IR 
interferometer projects.

• News
• Papers and preprint information
• Upcoming meetings
• Contact information
• Translations of selected papers
• List of PhD and Masters theses
• Photographs and resources
• Job listings


